BACKGROUND: after passage of the affordable Care act, 30 -day hospital readmissions have come under greater scrutiny. excess readmissions for certain medical conditions and procedures now result in penalizations on all medicare reimbursements.
mission rates for certain medical conditions as a part of the Hospital Readmission Reduction Program. This list of covered conditions expanded to total knee and hip arthroplasty in october 2013 and is expected to expand further to include cardiovascular procedures in 2014. 3 the hospital Readmission Reduction Program allows for expansion to additional conditions and surgical procedures at any time. Penalties ≤2% are levied on all medicare hospitalizations, regardless of the admission diagnosis, for those centers deemed to have excess readmissions. 3 Despite extensive literature assessing hospital readmissions after CRs, a consensus on the most important risk factors for hospital readmission has not yet been reached. furthermore, only a minority of studies have assessed readmission risk with multivariable models.
2,4-19 many of these studies have been limited by being single-institution chart reviews with relatively small study size, 4, 8, 10, 12, 16, 19 data from national cancer registries from countries with national health-care systems, 5 or medicare data specific to cancer diagnoses. 7, 9, 17 to date, factors found to be independently associated with readmission risk vary from sociodemographic, baseline clinical, and perioperative, to psychosocial. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] in addition to the limitations of previous study designs, outcomes and costs of readmission hospitalizations among patients undergoing CRs are not well reported. using data from the university healthsystem Consortium (uhC), we examined the magnitude, cost, risk factors, and outcomes of 30-day hospital readmissions after CRs in adult patients.
PATIENTS AND METHODS
Source of Data the uhC clinical database collects inpatient data from 120 participating academic medical centers and 300 of their affiliates, composed of ≈95% of us nonprofit medical centers. Variables collected include International Classification of Diseases, ninth Revision (iCD-9), codes for diagnoses and procedures, physician specialty, length of stay (los), risk-adjusted severity of illness scores, and hospital-associated costs. the uhC converts hospital charges into cost estimates based on federal wage data for each hospital location, allowing for meaningful cost comparisons between centers, regardless of hospital location.
after exemption status by the university of massachusetts medical Center institutional Review Board, the uhC database was queried for adult patients, ≥18 years of age, with procedure codes for colorectal resection (iCD-9 codes 17. 3-211.4) . these years were studied because they allowed for analysis of surgeon volume, whereas the unique surgeon identification numbers changed in 2012. Patients who died during their index hospitalization were excluded from the study because our primary outcome, readmission, required survival beyond the index stay.
Outcomes Measures the primary outcome of interest was all-cause 30-day hospital readmissions, as determined by uhC. secondary end points were readmission diagnosis (categorized by primary iCD-9 diagnosis at readmission), reoperation during readmission stay (exploratory surgery, stoma creation/revision, resection), intensive care unit (iCu) stay during readmission, readmission los, total direct hospital costs at readmission (as reported by uhC), as well as combined total direct hospital costs (index hospitalization direct costs plus readmission total direct costs), death during readmission stay, and readmission discharge disposition (home vs nonhome).
Factors Associated With
Readmission the covariates examined in relation to our primary study end point included age, sex, race, insurance status, comorbid diagnoses (on the basis of iCD-9 diagnosis codes), 3m All Patient Refined Diagnosis Related Groups admission severity of illness score (3m health information systems, salt lake City, ut) recoded into low (minor and moderate) and high (major and extreme) for ease of analysis, inpatient postoperative complications (eg, stroke, pneumonia, hemorrhage/hematoma, reopening of surgical wound, cellulitis, urinary tract infection, myocardial infarction, venous thromboembolism, sepsis), iCu admission rate after initial procedure, index hospitalization los, index hospitalization discharge status (home vs nonhome), indication for procedure (diagnosis type), laparoscopy use (vs open surgery), and ostomy creation. surgeon and hospital volume were categorized based on quartiles of annual colorectal procedure volume. Readmitted patients were categorized into early and late discharge groups based on a cutoff of the median time to readmission (7 days).
Data Analysis univariate analysis was used to assess the demographic, clinical, and perioperative risk factors for 30-day hospital readmissions. selected continuous variables were analyzed by student t test, whereas differences in categorical variables were examined by use of the χ 2 test. multivariable logistic regression was used to assess independent predictors of readmission. Variables included in the adjusted analysis included those deemed important based on a priori knowledge and those found significant on univariate screen. our regression models were adjusted for age, sex, race, admission severity of illness score, insurance status, procedure type, and hospital volume category. all of the analyses were conducted with the use of stata iC version 12.1 (stataCorp, College station, tX).
RESULTS
over the study period, 71,279 patients underwent colorectal resection for malignancy (n = 34,383), diverticular disease (n = 17,845), iBD (n = 11,048), or benign tumor (n = 7208), 795 of whom died at the index hospitalization, leaving 70,484 at risk for 30-day hospital readmissions. the mean age of the study population was 59 years, 50% were men, 76% were white, and 49% were privately insured. the observed all-cause 30-day readmission rate was 13.7%.
Characteristics of Study Population in examining differences between those readmitted during the 30 days after CRs with those who were not (table 1), readmitted patients were likely to be slightly younger, men, black, and have public insurance (table 1) . Comorbid conditions were more prevalent in the readmitted group, and 13% of readmitted patients had a high severity of illness compared with 8% in the not readmitted group (p < 0.001). Patients who were readmitted were more likely to have a rectal resection and less likely to have the procedure performed laparoscopically than patients in the nonreadmitted group (Table 2) . Patients who were not readmitted were more likely to be operated on by very high-volume surgeons at very high-volume hospitals, although the absolute difference was quite small.
Outcomes of Index Hospitalization
During the index hospitalization, patients who were readmitted had more postoperative complications, iCu admissions, longer los, and higher rates of nonhome discharges (table 3) . Reoperation or percutaneous drain placement occurred in 4% of the readmitted group and only 2% of the nonreadmitted group. median total direct costs for the index hospitalization were higher in the readmitted group ($13,175 vs $10,507; p < 0.001). the strongest predictors of readmission were nonhome discharge (skilled nursing facility oR 1.62; 95% Ci 1.49-1.76; rehabilitation facility oR 2.93; 95% Ci 2.53-3.40), stoma (oR 1.54; 95% Ci 1.46-1.63), and los ≥4 days (oR 1.44; 95% Ci 1.32-1.57; table 4). Outcomes of Readmission Hospitalization evaluation of primary readmission diagnosis revealed gastrointestinal disorders (29%) and surgical site infections (28%) as the most common reasons for readmission (table 5) . When the reason for readmission was assessed according to the strongest risk factors (stoma creation, los ≥4 days, and nonhome discharge), the readmission diagnoses were similar, although stoma patients had higher rates of readmission for fluid and electrolyte imbalance/ failure to thrive and organ space infection (table 5) . the median time to readmission was 7 days ( fig. 1 ). Patients readmitted within 7 days of discharge (early readmissions [eR]) compared with those readmitted after 8 to 30 days of discharge (late readmissions [lR]) were more likely to undergo reoperation (table 6) . iCu rates and readmission los were higher among eR patients. the readmission mortality rate was 2%, and there was no observed difference between eR and lR patients. finally, median readmission total direct costs were slightly higher for eR patients compared with lR patients ($4489 vs $4396; p < 0.001). these readmission costs resulted in a combined cost of $9148 higher for readmitted compared with nonreadmitted patients (median costs, $19,655 vs 10,507; p < 0.001).
DISCUSSION
in this large observational cohort study of adult men and women who underwent CRs for benign and malignant conditions, we demonstrated a readmission rate of 13.7% and identified several strong risk factors for 30-day readmission, including index los ≥4 days, stoma, and nonhome discharge. the majority of patients were readmitted within a week, and the most common reasons were gas- trointestinal and surgical site infection related. outcomes from the readmission hospitalization were poor, with 1 in 5 patients requiring reoperation or percutaneous drain placement, 13% requiring iCu admission, a median los of 4 days, and 2% mortality rate.
Length of Stay
the relationship between shorter los and increased readmission rates has been a debated topic in CRs, which was prompted by the introduction of enhanced recovery pathways (eRas). the concept of eRas was first introduced for CRs in 1995. 20 since then, numerous randomized controlled trials have indicated the safety and feasibility of shorter los for CRs patients with no significant differences in readmission rates. 21 We found that los was higher on average for patients readmitted after surviving the hospital stay than for those who were not readmitted. los ≥4 days translated into a 40% higher readmission risk after adjusting for relevant confounders. the contribution by eRas or other process/patient-specific factors to shorter hospital stays and lower readmission rates is unclear given the lack of granularity in the uhC database. What is evident, based on our findings, as well as those of previous authors, is the safety of early discharge for patients who meet clinical criteria.
Stoma in the present study, ≈40% of readmitted patients had a stoma creation during the index hospitalization. it was also a significant independent risk factor for readmission. although clearly indicated in certain clinical scenarios, 4, 22 the impact of stomas on quality of life and on the healthcare system in unquestioned. 23 a frequently encountered complication of stomas is high output, resulting in derangement of fluid and electrolyte balance, a common reason for readmission. 16 in our study, 12% of patients (2) 61 (2) 175 (2) 127 (2) Genitourinary 454 (5) 279 (7) 447 (5) 354 (4) Deep vein thrombosis/pulmonary embolism 192 (2) 60 (2) 183 (2) 148 (2) Neurologic 69 (1) 24 (1) 68 (1) 40 (1) Fluid and electrolyte imbalance/failure to thrive 681 (7) 450 (12) 664 (7) 587 (7) Other, infectious 414 (4) 172 (5) 396 (4) 284 (4) Other 1878 (20) 691 (18) 1773 (20) 1358 (17) Groups are not mutually exclusive; therefore, the number of patients with length of stay ≥4 days, stoma creation, and nonhome discharge add up to >9632.
with stoma were readmitted with fluid and electrolyte imbalance/failure to thrive, which was higher than the overall rate of 7% for all of the readmitted patients. although creation of temporary or permanent stomas remains a mainstay and an important tool in the armamentarium of the surgeon, its creation is clearly associated with a noticeable cost. strategies such as earlier clinic follow-up, more frequent home nurse visits, and perhaps even weekly telephone calls by physician extenders may need to be investigated further in an effort to reduce unnecessary and costly readmissions.
Nonhome Discharge several previous studies have identified nonhome discharge status as a risk factor for readmission. 2, 7, 11 We found up to 3 times the increase in readmission risk for nonhome discharge, which is corroborated by these previous studies (oR range, 1.16-2.13 2, 7, 11 ). our analysis adjusted for factors related to the need for skilled nursing or inpatient rehabilitation, that is, older age, preoperative severity of illness, and occurrence of postoperative complications. We cannot determine whether the readmission risk is related to patient factors that could not be adjusted for in our models or if there is a risk inherent in nonhome discharge itself. Potential sources for increased readmission include additional exposure to the health-care-associated infections, lower thresholds for sending patients back to the hospital, poor communication between the transferring institution and the accepting facility, or perhaps a diminished quality of care.
24,25 a study of medicare beneficiaries requiring skilled nursing care after an acute care hospitalization suggested an inverse facility volume-outcome relationship with rehospitalization. 25 an evaluation of the association between facility volume and readmission rates among non-medicare surgical patients is required to further examine this relationship.
Readmission
Prevention not all readmissions are preventable. twenty percent of the readmitted patients in our study required a return to the operating room or percutaneous abdominal drainage, and approximately 1 in 5 required iCu-level care. it is unclear, given the nature of our database, whether some of the remaining readmissions could have been identified and treated before initial discharge. We are further limited by the lack of available data on the levels of care and resources in the outpatient setting which, if appropriately used, could prevent unnecessary readmissions. Patients requiring readmissions for less urgent concerns may be treated appropriately in the outpatient setting. for example, a new york hospital performed a trial comparing readmission rates for adult patients after coronary artery bypass graft between those who had standard visiting nurse care and those who had a cardiothoracic-trained physician assistant make home visits on postoperative days 2 and 5.
26
Readmissions were reduced by 25% among patients receiving physician assistant home visits. the most significant drop in readmission rates occurred in wound-related complications, in which the readmission rates decreased from 44% to 19%. this highlights a possible readmission reduction strategy in the CRs population, given that 30% of readmissions in our study were attributed to surgical site infections. the costs of implementation of this strategy have to be balanced against the overall costs of readmission and its burden on the health-care system.
Strengths and Limitations
in this study, we were able to describe the outcomes of the readmission hospitalization. although previous reports have identified outcomes for readmission, there is a paucity of information on what actually occurs during the readmission. Knowledge of this information allows for identification of potentially preventable readmissions. We also highlighted the additional costs attributed to readmission stays, which is critical for planning resource allocation for readmission reduction strategies. We do acknowledge important limitations of this article. given the limitations of the database, we were unable to follow patients for >30 days. however, the 30-day time point is used as a quality metric by Cms and is what penalizations are currently based on. the database may have missed patients readmitted to non-uhC hospitals or those who died in the nonhospital setting. We believe that this occurrence is low, given the similar readmission rates seen in other studies. 8, 9, 14 Patients evaluated in the emergency department and discharged to the home are not captured in the data. lastly, this database lacks true clinical data, including laboratory values, vital signs, inpatient/outpatient medications, and other more specific clinical information, which may aid in decision making with regard to early discharge and/or readmission. Despite these limitations, we believe that this study provides a scaffold on which to build and develop readmission prevention strategies.
CONCLUSION
Readmission within 30 days of index discharge occurs in approximately 1 in 8 adults after CRs for benign or malignant conditions. Predictive factors are clear and easily identified before hospital discharge, including los ≥4 days, ostomy, and nonhome discharge. the significant risk of nonhome discharge highlights a potential target for future prevention strategies. Certainly, the clinical and financial burdens of readmissions warrant a closer look in an effort to improve care quality and reduce costs in a climate of excess health-care spending.
